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La restrizione MHC del TCR determina la selezione positiva 



Transgenic receptor 
restricted to MHC a 



Single-positive CD8 + T cells mature 




Transgenic receptor 
restricted to MHC 



No single-positive T cells mature 



doppie positive muoiono in 4 gg se non selezionate 



La specificità antigenica del TCR determina la scelta del co-recettore 



Transgenic receptor recognizing 
MHC class 



Only CD8+T cells mature 



Transgenic receptor recognizing 
MHC class II 




Only CD4+T cells mature 



Sindrome dei linfociti nudi: deficienza MHC di II classe 



Single-positive 
CD4+ cells 



+ 



Double-negative 
CD4CD8- 



Double-positive 
CD4+CD8+ cells 



-12% 


-80% 


-3% 





Single-positive 
CD8+ cells 



CD8 



Scelta del corecettore in base alla restrizione MHC del TCR: eventi ipotetici 



1) attivazione di lck-CD4 



CD4 C *C08! (DPI thymojytes'thet express 




y 




1 ^ 1 

Positively selecting TCR signals initially 










^ 1 

m ti thymocytts imo the CD4 or 
gè otcurset this Cp4*CD8j°» 









2) trascrizione di Th-POK: T 
helper inducer POZ/Kruppel 
like (fattore di lineage) 

3) repressione di Runx3 



^i. l'PSirlantiSìifn.f i91ìl 
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Topi knock-out 



Exons of gene X 




Mutation in gene X; 
ES celi resistant to neomycin 
and insensitive to ganciclovir 



No mutation in gene X; 
ES celi resistant to neomycin 
and sensitive to ganciclovir 
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Inject ES cells with 
targeted mutation 
into mouse blastocyst 



partly derived from 
ES cells and breed 
to achieve germline , 



* 
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La selezione positiva dipende dalle cellule epiteliali corticali timiche 



Normal MHC class II 
expression 


MHC class ll-negative 
mutant 


Mutant with MHC class II 
transgene expressed in 
thymic epithelium 


Mutant with MHC class II 
transgene expressed that 
cannot interact with CD4 










ì 










] 


• • • • • 
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Both CD8 and CD4 
T cells mature 


Only CD8 
T cells mature 


Both CD8 and CD4 
T cells mature 


Only CD8 
T cells mature 



Peculiarità delle cellule epiteliali timiche: catepsina L, sede anatomica, subunità 
proteasoma (35T (repertorio peptidico tipico delle cellule epiteliali?) 



La selezione negativa: ruolo dei peptidi (artificiali) 



Transgene 



Normal thymus 



thymui 




La selezione negativa avviene allo stadio di DP o SP ogni volta che il self viene visto 



La selezione negativa: ruolo dei peptidi (naturali) 

H-2D b - S restricted 
V H-20" T celi Ime Cloned TCR genes 

^PeptideH-Y ^ J \ 

Male H-2D" Female H-2D' Female H-2D k 
| Transgenic mice | < ^^V 

H 



| transgenic TCR) 
| Thymic APC | 
MHC type 

| H-Y antigen | 
|Selection processi 

Positive select on 



Functional T cells 
expressing 
transgenic 
TCR and CD8 



[Noi 



[Noi 



AIRE: autoimmune regulator (in cellule stromali della midollare) 




AIRE expression in normal thymus 






>k >>• 






















Figure 7-34 Immunobiology, 7ed. (CO Garland Science 2008) 




APECED: poliendocrinopatia autoimmune-candidiosi-distrof ia ectodermica 
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La selezione negativa richiede cellule timiche derivate dal midollo 




Bone marrow transplant from 
MHC aXb F, mouse into MHC recipient 






MHC aXb F, MHC b 






MHC a 






I ^ 

Skin graft from MHC mouse onto 

(MHC aXb —MHC») bone marrow chimera 






MHC aXb F, MHC b 
skin grafi 






MHC aXb MHC a chimera 






\y 

(MHC aXb — MHC a ) chimeric mouse 
tolerates MHC" skin graft 













Specificità e/o avidità diverse spiegano la selezione positiva e negativa 





Positive and negative 
selection have the same 
specificity or avidity 


Positive and negative 
selection have different 
specificity or avidity 


Immature 
thymocytes 


° © 0 

° © o 


° o ° 

o © 0 


Positive setection 


1 ^> 1 

° o * 
o O p 


O O * 

O 0 f. 


Negative selection 


1 1 

** 


1 "v" 1 

o * 

o » 


Mature peripheral 
T cells 




1 ^ 1 

o 

o 



I linfociti T regolatori CD4+CD25+ maturano nel timo 



/IL-IO' \IL-10 



Flyui.i 14.17 i : un/i. mo dolio ..olluk Tio S "l.mio 




LEZIONE 15 



Attivazione dei linfociti 



Recettori con attività chinasica intrinseca 



In one class of 
receptors, the kinase 
domain is an intrinsic 
part of the receptor 



Ligand binding 
dimerizes the receptor, 
activating the kinases, 
which phosphorylate 
each other 



The activated kinases 

phosphorylate 
downstream substrates 




Recettori con attività chinasica estrinseca 



In another class of 
receptors, a kinase is 
noncova lently 
associated with 
the receptor 



Ligand binding 
dimerizes the receptor, 
activating the 
associated kinases, 
which phosphorylate 
each other 


The activated kinases 

phosphorylate 
downstream substrates 


!> 

















Fosfatasi: regolatori negativi (+++) o positivi del segnale 
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Domini di interazione proteica 



Protein 
domain 


Found in 


Ligand class 


Example of ligand 


SH2 


Lek, ZAP-70, Fyn, Src, Grb2, 
PLC-y, STAT, Cbl, Btk, Itk, 
SHIP, Vav, SAP, PI3K 


phosphotyrosine 


pYXXZ 


SH3 


Lek, Fyn, Src, Grb2, Btk, 
Itk, Tee, Fyb, Nck, GADS 


proline 


PXXP 


PH 


Tee, PLC-7, Akt, Btk, Itk, SOS | 


phosphoinositides 


PIP 3 


PX 


P40 Phox P47 Phox pLD 


phosphoinositides 


PIP 2 


PDZ 


CARMA1 


C termini of proteins 


IESDV, VETDV 


CI 


RasGRP, PKC-6 


membrane lipid 


diacylglycerol (DAG) 
phorbol ester 


NZF 


TAB2 


polyubiquitin 
(K63-linked) 


polyubiquitinated RIP, 
TRAF-6, or NEMO 



SH2 src homology 2 domain 

PH, dominio omologo alla plecstrina 



Assemblaggio complessi macromolecolari di segnalazione 



Unphosphorylated 
scaffold 


Activation of protein 
kinase results in 
phosphorylation 
of a scaffold 


The phosphorylated 
scaffold recruits 
signaling proteins 
that bind to it 


Ponti (scaffolds) 

Adattatori 
(adapters) 












The adaptor Grb2 binds 
to the signaling protein 
SOS via its SH3 domains 


An activated receptor 
becomes tyrosine 
phosphorylated 


Grb2 binds to the 
phosphotyrosine via its 
SH2 domain, bringing 
SOS to the receptor 


++^ 










SH2 

p-^~| Grb2 

SH3 Lf^J SH3 

SOS 





Le piccole proteine & (GTPasi) 



In the resting state, 
small G proteins are 
bound to GDP 



Signaling activates guanine-nucleotide 
exchange factors (GEFs) to displace GDP 
from small G proteins and allow 
GTP to bind 



Over time, the small 
G protein hydrolyzes 
GTP to GDP 



Ras, Rac, Rho, Cdc42 



RAS, forme prive del controllo retroattivo 
a causa di mutazioni nei tumori epiteliali 



Reclutamento delle proteine foglietto interno della membrana plasmatica 



Signaling proteins are recruited to the membrane in several different ways 



Binding to 
phosphorylated 
sites on a membrane- 
associated protein 




Recognition of 
activated small 
G proteins 




»0 



Ras Ras 
(inactive) (active) 



Binding to 
membrane lipids 



AKT ITK 

famiglia Tee delle PTK 



PIP3 è prodotto per fosforilazione di PIP 2 ad opera della PI3 chinasi 



Le vie di amplificazione intracellulare e secondi messaggeri 



Amplifìcation by 
kinase cascades 



G Raf 

1 r 



Signaling results in the 
release of the second 
messenger calcium 


Calcium rapidly diffuses 
throughout the celi and 
induces conformational 
changes in calmodulin 


^ receptor 

0 0Ca2t 


--^calmodulin 

0 effector 
J • P«>tein 

• ^ ^ 



Limitazione del segnale: defosforilazione ed ubiquitinazione (ubiquitin ligasi) 



Dephosphorylation of 
phosphorylated 
substrates 




Ubiquitin-mediated 
degradation in 
proteasome 



Ubiquitin-mediated 
degradation in 
lysosome 



ki** 

Cbl {? 

lysosome 



K63 poliubiquitinazione può indurre segnali attivatori (vedi TRAF6 nella via NFkB) 
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T-cell receptor complex 



TCR 




ITAM= Immunoreceptor tyrosine-based activation motif yXX(L/I)X 5 . 12 YXX(L/I) 



Il legame a ponte (cross-link) del recettore necessario per l'avvio del segnale 



Fab fragments of 
antibodies bind to 
BCR but do not signal 


F(ab') 2 fragments 
cross-link BCR and 
can produce a signal 


Anti-F(ab') 2 antibodies 
cause extensive 
cross-linking and 
a strong signal 


Fab 

BCR JT jp 


F(ab') 2 

[ J 


rabbit anti-F(ab') 2 antibody 

: W W ffir ■ 


\ m mi 

B celi 




1 



Linfociti B: legame di 20 recettori 
Linfociti CD4: legame 50 recettori 

Linfociti CD8: legame anche di un recettore è sufficiente 
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Attivazione dei linfociti T: evento cruciale intermedio 



ZA? 70, £ chain 
associated protein 
70 KD 

LAJ- linker of 
activated T cells 



Activated ZAP 
LATi 

=ff 


70 phosphorylates 
nd SLP-76 


SLP-76^ 


Pn 


i o 1 

Gads brings SLP 76 and 


Gads 


Gads:SLP- 


*v 1 

76:LAT complex 
its PLC-y 


PLC-7 ^ 




activated by 





Richiede segnale da CD28 



Tre principali famiglie di PTK nel signalling dei linfociti 

Tcell B celi 




SH1:Src homotogy 1 domain 



SH2: Src horoology 2 domain 



SH3: Src homology I domain 



SH4: Src homotogy 4 domain (hpid atlachment motH) 



PH: Pleckslfln homology domain 



TH: Tee homoor;y 0 «j 



V Proline neh region 



Y: Regulalory tyrosine 



Lek, Fyn 


BIk, Fyn, 
Lyn 


ZAP-70 


Syk 


Itk 


Btk 
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Attivazione dei linfociti T: prima biforcazione (NFAT) 



Phosphorylation on 
serine and threonine 
residues keeps NFAT 
in the cytoplasm of 
unstimulated cells 



Calcium entry activates 
the serine phosphatase 
calcineurin which 
dephosphorylates 
NFAT, allowing it to 
enter the nucleus 



NFAT calmodulir 



" o 

V0V 



Dephosphorylated 
NFAT enters the nucleus 
and activates 
gene transcription 



V_y V®) 



NFAT= fattore nucleare delle cellule T attivate 

Ciclosporina A e FK-506 legano immunof iline che sequestrano calcineurina 



Attivazione dei linfociti T: seconda biforcazione {& proteine, MAP chinasi e AP) 

R 



Recnjitment and activation 
of adapter proteins 




( Ras«GT p)CgàD-., 



MAP kinase 
cascade 



J4 




Synthesis and activation 
of transcription factors 
(e.g.. AP-1) 



-. - ii ■_: tr" 



Attivazione dei linfociti T: seconda biforcazione (& proteine, MAP chinasi e AP-1) 



Ras is initially inactive. TCR signaling produces 
DAG, which recruits RasGRP to the membrane 
where it activates Ras 


Ras activates Raf, which 
phosphorylates Mek, which 
phosphorylates Erk, bound 
by the scaffold KSR 


Activated Erk enters the 
nucleus and activates 
transcription factors 
such as Elk-1 


^^^^^^^ 
inactive Ras 

^^RasGRP 


DAG_____- 










Cytoplasm 



Attivazione dei linfociti T: seconda biforcazione (& proteine, MAP chinasi e AP-1) 



Activation of the MAP kinase Erk allows it to 
enter the nucleus where it phosphorylates 

the transcription factor Elk-1 . Elk-1 
stimulates transcription of the FOS gene 




Activation of the MAP kinase JNK allows it 
to enter the nucleus and phosphorylate 
c-Jun, which activates the Jun-Fos dimer 
for transcription 



SRE FOS 



AP-1= activator protein 1 
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La costimolazione e necessaria per la piena attivazione dei linfociti T naive 



Antigen recognition 



"Resting" 
(costimulator- 
deficient) 
APC 



CD28 



Naive 
Tcell 



Activation of APCs by microbes, 
innate immune response 



Activated 
APCs: 
increased 
expression of-j — ' 
costimulators, 
secretion of 
cytokines 



Cytokines 
(e.g., IL-12) 



T celi response 



No response 
or anergy 



T celi survival, 
proliferation 
and differentiation 



Copyright © 2012, 2007, 2005, 2003, 2000, 1997, 1994, 1991 by Saunders, ar 



Famiglia delle molecole costimolatorie e recettori inibitori 




Receptors /'"J »""\ »""\ /"*» j~\ /TT 

!!™m™1 u w 5f 
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Receptors other than antigen receptors 
also associate with ITAM-containing 
chains that deliver activating signals 


NKcells 
Macrophages 
Neutrophils 


NKcells 


Mast cells 
Basophils 


FcyR 
FcyR 
FcyR 


K 
II 

V 


CD32) 
(CD16) 


N 

(C 


KC 
D 


Ì2C / D,E 
94) 


FceRI 

km 


f- 










7 0^| 




1 


1 

| DAP12 


7 CD 



Terminazione del segnale: CTLA-A 




CTLA-4 è espresso in membrana solo dopo attivazione linfocitaria 



Terminazione del segnale: CTLA-4 



One dimer of CD28 
engages just one 
dimer of B7 










1 


B7 ' 1 
CD28 











A distinct binding orientation allows one dimer of 
CTLA-4 to bind two different B7 dimers, providing 
for high-avidity clustering 




B cells, T cells and NK cells express 
receptors that contain immunoreceptor 
tyrosine-based inhibitory motifs 



PIR-B Fc^RIIB 1 CD22 CTLA-4, KIR2DL KIR3DL 
BTLA, 
PD-1 




SHP-1, SHP-2 (SH2-containing 
phosphatase): rimuovono fosfato 
delle tirosine nelle proteine 

SHIP-1, (SH2-containing inositol 
phosphatase): fosfato degli inositoli 
in PIP, 



ITIM= Immunoreceptor tyrosine-based inhibitory motif (S/I/V/L)XYXX(I/V/L) 
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